A lthough spinal dural arteriovenous fistulas (SDAVFs) are the most common spinal vascular malformations (approximately 70%), their relative rarity often leads to delay in their diagnosis and treatment. 2, 21 The etiology of SDAVF involves the abnormal development of an arteriovenous shunt between an epidural artery and a dilated pial perimedullary vein, resulting in an escalation of venous congestion and, ultimately, spinal cord edema and ischemic damage. 8, 11, 19 Patients with untreated SDAVFs usually present with nonspecific but progressive deterioration of neurological function (e.g., paresthesia, hypesthesia, ataxia, paraplegia, and sphincter disorders). Treatment for SDAVFs includes complete occlusion or ligation of the arteriovenous shunt at the beginning of the draining vein by either endovascular or surgical intervention. 16, 17, 20 Although endovascular treatment of SDAVFs is relatively safe, endovascular occlusion of an arteriovenous shunt is not feasible in certain patients due to the variability of spinal cord vascularity, a common origin shared between the feeding artery and the artery of Adamkiewicz, or other technical difficulties such as catheter placement. In addition, the disease recurrence rate associated with endovascular management tends to be higher than that of open surgery. 3, 7, 10, 16 Interlaminar and transforaminal endoscopic approaches are less invasive than traditional microsurgical approaches for treating various spinal epidural lesions, such as lumbar disc herniation. 4, 5 Recent advances in endoscopic techniques have also significantly expanded their therapeutic indications in spine surgery.
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14 Herein, we report our experience using a microscope-assisted contralateral endoscopic interlaminar approach to repair an SDAVF on the side at the L-1 level. This novel surgical technique was developed for the following reasons. First, the relatively large interlaminar space in the lumbar spine provides a natural "passage" for the insertion of an endoscope. In addition, as the conus medullaris (the lowest level of the spinal cord) ends between the T-12 and L-3 levels in adults, the nerves in the cauda equina continue to branch out and float in the anatomically expanded lumbar canal (lumbar cistern), which provides adequate space for manipulation of endoscopic instruments. Second, the fistulas and the draining veins of SDAVFs are usually identified near the intervertebral neural foramina, accompanying the nerve root within its dural sheath. Therefore, during endoscopic surgery, the fistulas, as suggested by preoperative angiography, can be easily identified by tracking the bony landmarks of the spine. Third, the endoscopic imaging system provides a clearer visual field and higher spatial resolution than traditional microsurgical systems, making it feasible to coagulate and cut the fistulas through the endoscopic working channel.
illustrative case
A 58-year-old man presented with a 1-month history of bilateral lower-limb paralysis and numbness and a 2-week history of dysuria. Physical examination revealed no sensation below the level of the anterior superior iliac spine. His muscle strength was Medical Research Council (MRC) Grade 0 in both lower extremities. Magnetic resonance imaging of the spine demonstrated centromedullary T2 signal hyperintensity extending from T-4 to L-1 and perimedullary flow voids along the dorsal and ventral aspect of the thoracolumbar spinal cord (Fig. 1A) . Preoperative spinal digital subtraction angiography (DSA) confirmed the lesion to be an SDAVF located at the left L-1 level, which was fed by the root artery descending from the left L-1 intercostal artery (Fig. 1B ). After discussion with the patient, an endoscopic interlaminar approach with microscope assistance was chosen as the operative procedure.
Surgical technique
After induction of general anesthesia, the patient was placed in a prone position with all pressure points padded. A 4-cm skin incision was made in the midline centered over the T12-L1 interlaminar space ( Fig. 2A) . Monopolar cauterization was used to divide the right lumbodorsal fascia unilaterally. The interspinous ligament was kept intact. The paraspinous musculature was stripped subperiosteally with monopolar cauterization and, after placement of a retractor, the hemilaminae above and below the T12-L1 interlaminar space and the ligamentum flavum were exposed. Then the microscope was mounted and the unilateral (right) ligamentum flavum was resected piecemeal with a Kerrison rongeur. The dura mater and the arachnoid membrane underneath were then cut open in a standard longitudinal fashion and sutures were placed to tent the dura to form a working window of about 1.5 cm in diameter. At this point, a rigid endoscope (Joimax foraminoscope for TESSYS) was introduced through the working window and gently inserted into the contralateral (left) subdural space. Isothermal normal saline (at a pressure of 100-150 mm H 2 O) was used to irrigate the operative field (see Video 1). viDeo 1. After a rigid endoscope was introduced into the contralateral subdural space, the draining vein was identified near the left foramen at the T-12 level. A small piece of gelatin foam was inserted to separate the draining vein from the spinal cord. Distal to the fistula, the draining vein was coagulated by a bipolar probe before sharp dissection of the vein was carried out by a punch. The stumps of the vessel were examined for hemostasis and the remaining perimedullary veins were found to shrink after ligation. Copyright Yong-Jian Zhu. Published with permission. Click here to view.
The conus medullaris and cauda equina were pulled aside, and the intradural arterialized vein was identified near the left foramen ( Fig. 2A) . After these intraoperative anatomical findings were checked against preoperative DSA results, the arachnoid membrane between the draining vein and cauda equina was stripped by inserting a small piece of gelatin foam (Fig. 2B) . Distal to the fistula, the draining vein was coagulated by means of a bipolar flexible radiofrequency probe (Surgi-Max TM Dual Frequency System), and then sharp dissection of the vein was carried out with a TESSYS endoscopic punch (Fig. 2C) . The stumps of the vessel were examined for hemostasis (Fig. 2D) , and the remaining perimedullary veins shrank after ligation of the draining vein. At this point, the endoscope was dismounted and the dural wound was closed with surgical titanium clips under microscopic guidance (Fig. 2E) . Epidural bleeding was controlled with bipolar cauterization and the fascia was closed with an interrupted absorbable suture. The skin was closed with an interrupted absorbable suture in the deep dermis and with a running absorbable subcuticular stitch. Complete ligation of the fistula was confirmed by postoperative angiography (Fig. 1C) . Postoperative volume-rendering technique (VRT) reconstruction of the lumbar vertebrae shows that the bony structures around the T12-L1 interlaminar space were well preserved after interlaminar neuroendoscopic surgery (Fig. 1D) . At the clinical evaluation 10 months after the operation, the patient was found to have fully recovered his lower-limb muscle strength (MRC Grade 5 of 5) and bowel and bladder sphincter function. The spinal MRI study performed at this follow-up visit showed significant decreases in both the centromedullary T2 signal hyperintensity and perimedullary flow void signals of the thoracolumbar spinal cord (Fig. 1E) .
Discussion
In the past few decades, neuroendoscopy has become an indispensable technique for treating various neurosurgical conditions, such as intraventricular tumors, skull base tumors, and intracranial cysts. 15 In spinal surgery, however, the endoscope is still mainly used for spinal epidural conditions like disc herniation, hematoma, and spinal stenosis. 5, 22 The major reasons hindering the widespread use of spinal endoscopy for intradural spinal lesions are technical difficulties such as opening and closure of the dura mater, the potential for iatrogenic injury to the spinal cord and nerves, and difficulties involved with manipulating instruments through the single endoscopic canal. 12 Nevertheless, the relatively spacious lumbar spine makes it possible for endoscopic management of intradural lesions through the natural interlaminar space. The endoscopic approach is superior to traditional open microsurgery because it requires a smaller skin incision, leads to better preservation of bony structures of the spine, allows for better illumination of the surgical field and better visualization of anatomical details, and provides better observation angles of lesions. Therefore, endoscopic approaches are increasingly being used to treat other neurosurgical pathologies. 5 For SDAVFs, both endovascular and microsurgical approaches have been shown to successfully occlude the proximal draining vein and the fistula itself. 1, 9, 12, 13 With the help of preoperative spinal DSA, it is generally not difficult to identify the fistula site, the feeding artery, and the drainage pattern. However, the variability of epidural and spinal cord vascular anatomy may still pose diagnostic and therapeutic difficulties for endovascular treatment in some patients. Moreover, the standard microsurgical procedure for SDAVF involves a laminectomy or hemilaminectomy and even partial facetectomy. 14, 18 In this present case, we successfully adopted a much less invasive interlaminar approach to treat lumbar SDAVF. Taking advantage of the natural interlaminar space between T-12 and L-1, the dura was opened under microscopic guidance near the middle line (where the interlaminar space was widest) to form an orifice. This creation of the orifice (1.5 cm in diameter) allowed for the insertion of the endoscope toward the contralateral subdural space. Both the irrigation/drainage system and the volume of the lumbar cistern itself allowed for free and safe manipulation of endoscopic surgical instru- This interlaminar approach can be used in patients with a clear diagnosis of spinal arteriovenous fistula, plus the location of the fistula has been identified with preoperative DSA. Otherwise, additional openings of the adjacent lamina would be required to expose the lesions. In addition, it would be quite helpful if preoperative CT VRT reconstruction of the lumbar vertebrae was conducted for the determination of the spatial relationship between the fistula and interlaminar space. Further developments in endoscopic technologies, 15 such as chip scopes with flexible tips, 3D neuroendoscopy with LED (light-emitting diode) illumination, and better integration with instruments like microscopes, ultrasonic aspirators, neuronavigation systems, and even robotic-assisted surgical devices, will all contribute to the expansion of the spectrum of neurological pathologies that can be safely and effectively treated by spinal endoscopy.
conclusions
The microscope-assisted contralateral endoscopic technique was effective for treatment of SDAVF in our patient, allowing the preservation of bony structures via an interlaminar approach. 
